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INTRODUCTION

Over the last decade, there has been considerable change in
both the nomenclature and taxonomic relationships of human
parainfluenza viruses (HPIV) (Table 1). These viruses were
first discovered in the late 1950s, when three different viruses
recovered from children with lower respiratory disease proved
to by unique and easily separated from the myxoviruses (influ-
enza virus) they closely resembled. This new family of respira-
tory viruses grew poorly in embryonated eggs and shared few
antigenic sites with influenza virus. In 1959, a fourth virus was

found that also met these criteria, and a new taxonomic group
was created called “parainfluenza viruses.”

HPIV is genetically and antigenically divided into types 1 to
4. Further major subtypes of HPIV-4 (A and B) (36) and
subgroups/genotypes of HPIV-1 (136, 139, 140, 143) and
HPIV-3 (292) have been described. HPIV-1 to HPIV-3 are
major causes of lower respiratory infections in infants, young
children, the immunocompromised, the chronically ill, and the
elderly (22, 70, 86, 87, 115, 116, 237, 254, 381). These medium-
sized viruses are enveloped, and their genomes are organized
on a single negative-sense strand of RNA. The majority of
their structural and biological charactertistics are similar, but
they each have adapted to infect humans at different ages and
cause different diseases. These viruses belong to the Paramyxo-
viridae family, which is a large rapidly growing group of viruses
that cause significant human and veterinary disease. In fact,
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this virus family is one of the most costly in terms of disease
burden and economic impact to our planet. Recently discov-
ered members of the Paramyxoviridae (megamyxoviruses [Hen-
dra and Nipah viruses] and metapneumovirus) emphasize this
point (53, 254, 265, 360).

(Portions of this article have been rewritten from reference
143a with permission.)

VIROLOGY BASICS

There are now two genera of HPIV, Respirovirus (HPIV-1
and HPIV-3) and Rubulavirus (HPIV-2 and HPIV-4). Both
genera (paramyxoviruses) can be separated morphologically
from influenza virus (myxoviruses) by their nonsegmented
thick nucleocapsids (17 nm versus 9 nm) (43, 196). Other
genera of the Paramyxoviridae can be physically distinguished
from HPIV by the absence of a neuraminidase (morbillivi-
ruses, e.g., measles virus and distemper virus) or a thiner nu-
cleocapsid (pneumoviruses, e.g., respiratory syncytial virus
[RSV], or metapneumoviruses). The megamyxoviruses are still
being described but appear more closely related to morbilli-
viruses phylogenetically than to the HPIV.

Structural Organization

By electron microscopy, HPIV are demonstrated to be ple-
omorphic enveloped viruses (Fig. 1). Their envelope is derived
from the host cell that they last infected. This family of viruses
are medium sized, between 150 and 250 nm, but much larger
virions or virus aggregates have been reported (159, 196, 197).
Virus particles usually contain single-stranded RNA with neg-
ative polarity (complementary to mRNA). Virions with a pos-
itive polarity have been reported, but these are thought to
be noninfectious (196). The HPIV genome contains approx-
imately 15,000 nucleotides (343, 376). These are organized to
encode at least six common structural proteins (3�-N-P-C-M-
F-HN-L-5�) (349). During the last decade, reverse genetic sys-
tems were developed that demonstrated a “rule of six” for
HPIV. Simply stated, this means that the most efficient repli-
cation and transcription of HPIV takes place when the genome
is divisible by 6, although exceptions have been found (77, 151,
199).

Electrophoresis demonstrates great similarity in protein size
between the four major HPIV types except for the phospho-

protein (P). HPIV-2 and HPIV-4 have a phosphoprotein with
a molecular weight (MW) of 49,000 to 53,000 versus 83,000 to
90,000 for HPIV-1 and HPIV-3 (59, 70, 203, 313, 339, 343, 376,
396). The largest HPIV protein is the “large” (L) nucleocapsid
protein (polymerase, MW 175,000 to 251,000), followed by P
(HPIV-1 and HPIV-3). These two viral proteins and the nu-
cleocapsid protein (N or NP) [MW 66,000 to 70,000] are
closely associated with the viral RNA (vRNA). Two surface
glycoproteins are found in all HPIV: the hemagglutinin-neura-
minidase (HN) (MW 69,000 to 82,000) and the fusion protein
(Fo) (MW 60,000 to 66,000). Finally, the membrane protein
(M) (MW 28,000 to 40,000) is strongly associated with and
found just beneath the viral membrane. It is important to note
that some of these proteins undergo extensive posttransla-
tional modification (e.g., glcosylation or phosphorylation) and
the MW as calculated from cloning and sequencing data can
differ considerably from that seen on gel electrophoresis. The
P gene of some paramyxoviruses produces many small non-
structural proteins from multiple overlapping reading frames.
Additional editing of the mRNA may occur to produce these
proteins. For example, HPIV-1, HPIV-2, and HPIV-3 encode
a nonstructural protein (C) (234, 274, 339). HPIV-2 (and
maybe HPIV-3) has an additional nonstructural protein (V),
which HPIV-1 does not contain (79, 234, 335). This protein
appears to have several actions. It binds N and may play a role
in regulating viral replication (375). However, the V protein
distribution (nuclei and cytoplasm) does not appear to be sim-
ilar to that of the N or P protein (cytoplasmic granules) within
virus infected cells (269). Recent work suggests that slowing
the cell cycle might be one way the V protein favors viral
replication (215). In addition, it may be involved in Rubulavirus
inhibition of the interferon response by inducing the degrada-
tion of STAT1 and/or STAT2 (60, 119, 188, 268). The C pro-
tein of PIV-1 (Sendai virus) may perform the same function
(268). This interferon interaction with V and C proteins may
be important in determining the host range for some HPIV.
HPIV-3 appears to have a unique nonstructural protein, D,
which is a chimera between the upstream half of P and a
second internal open reading frame (209).

vRNA, together with the N, P, and L proteins, form the
nucleocapsid core of HPIV. The N binds to the vRNA (one N
protein to six nucleotides), making a template that allows the
L (RNA-dependent RNA polymerase) and P proteins to tran-

TABLE 1. Taxonomic relationships of HPIV types within the family Paramyxoviridae

Subfamily and
genus

Species

Human Animal

Paramyxovirinae
Respirovirus HPIV-1, HPIV-3 Sendai (mouse PIV-1), bovine PIV-3, simian PIV-10
Rubulavirus HPIV-2, HPIV-4A, HPIV-4B,

Mumps virus
NDV (1), Yucaipa virus (2), Kunitachi virus (5), avian PIV-3, avian PIV-4, avian

PIV-6 to PIV-9
La-piedad-Michoacan Mexico porcine virus, simian PIV-5 and PIV-41

Morbillivirus Measles virus Canine distemper virus, rinderpest virus (bovine), pest-des-petits-ruminants virus,
dolphine distemper virus, porpoise distemper virus, phocine distemper virus

Megamyxovirus Hendra virus, Nipah virus HeV (equine, (bats?), NIV (porcine, bats?)

Pneumovirinae
Pneumovirus RSV Bovine RSV, pneumonia virus of mice
Metapneumovirus HMPV Avian pneumovirus (APV)

VOL. 16, 2003 PARAINFLUENZA VIRUSES 243



scribe and eventually replicate the HPIV genome (43). The P
protein of HPIV is probably a homotrimer (64). The surface
glycoproteins (HN and F) interact with the M protein, which
may direct their insertion and aggregation at specific cell mem-
brane locations. The M protein also appears to play a role in
attracting completed nucleocapsids to areas of infected cell
membrane that will soon become viral envelope and may be
involved in viral budding (51, 57, 209, 283).

The HN protein is found on the lipid envelope of HPIV and
infected cells (136, 280, 351). There it most probably exists as
a tetramer and functions in virus-host cell attachment via sialic
acid receptors, suggesting that it has neuraminidase activity
(important for virus release from cells). There are significant
differences in the number of HN glycosylation sites between
HPIV types and among strains within one type (139, 140, 143).
This may be part of the strategy used by HPIV to escape
immune detection. The terminal sialic acid sequences impor-
tant for HN binding of HPIV are just beginning to be worked
out (345). It appears that HPIV-1 HN is more limited in its
binding than HPIV-3 HN, which may be important for host
and tissue range. It is the binding of the HN protein to recep-

tors on red blood cells that creates the well-recognized hem-
agglutination or hemadsorption of paramyxoviruses. Elegant
work by Moscona and Paluso has demonstrated that the HN-
cell receptor interaction is specific and complex. It involves
both surface glycoproteins and varies between HPIV types. F
protein-mediated cell fusion is affected by the affinity of the
HPIV-3 HN to its receptor(s) (251). In addition, cell-to-cell
fusion requires a minimum density of receptors which is
greater than the density needed for virus membrane-cell mem-
brane fusion (infection). The enzymatic removal of sialic acid
receptors from HPIV can create persistently infected tissue
cultures. This is one explanation for HPIV-3 persistence in
vitro, but in vivo persistence may have additional mechanisms.
Persistent infection with HPIV-2 appears to use a different
mechanism (2).

As mentioned above, the HPIV F protein is integral in
virus-host cell membrane fusion. It is this fusion of membranes
which allows the viral nucleocapsid to enter and infect a host
cell. Also, this protein is needed in membrane fusion between
host cells (syncytial formation) and causes hemolysis. Initially
an inactive precursor (F0) is made, which must be cleaved by

FIG. 1. Electron micrograph of HPIV-3. Surface glycoproteins are easily visualized. Magnification, �275,000.
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an endopeptidase to yield the active F protein, which is com-
posed of two disulfide-linked molecules (F1 and F2). The new
N terminus on F1 is highly hydrophobic and is thought to make
the first contact with the lipid membrane during virus-cell
fusion. Furin and Kex2 have been proposed as the enzymes
responsible for this proteolytic cleavage in humans (278), but
trypsin is most frequently used in vitro. The host range and
virulence of HPIV is strongly influenced by the enzymes that
cleave the Fo precuror. The ability of the F protein to inde-
pendently induce both fusion and hemolysis varies among the
different HPIV types. HPIV-1, HPIV-2, and HPIV-3 in vitro
require both HN and F for fusion and hemolysis (80, 252, 278,
395). The structure and location of the physical interactions
between the HN and F proteins responsible for their functional
interactions, including fusion promotion, oligomer formation,
and cell surface expression, are still being determined (143,
275, 347, 397).

Viral Replication

The first event in viral reproduction is the fusion of the virus
and host cell lipid membranes. This is followed by the expul-
sion of the HPIV nucleocapsid into the cytoplasm of the cell.
Once in the cytoplasm, transcription takes place by using virus-
specific RNA-dependent RNA polymerase (L protein). Cellu-
lar ribosomal machinery then translates the viral mRNAs into
viral proteins. These direct the full-length replication of the
virus genome, first into a positive-sense RNA strand and then
into the appropriate negative strand. Once produced, these
single negative-sense strands of RNA are then encapsidated
with NP and may be used in further rounds of transcription and
replication or may be packaged for export as a new virion (196,
197).

Interactions with the Environment

Environmental conditions such as temperature, humidity,
pH, and the composition of the storage fluid easily affect
HPIV. Viral survival markely decreases at temperature above
37°C, until at 50°C almost all virus is inactivated within 15 min
(401). Room temperature storage of myxoviruses has demon-
strated considerable survival variability by decreasing titers by
�50% in as little as 2 h or as long as 1 week, but this rate
averages closer to hours than days (16, 127, 131, 354, 401).
HPIV have their greatest stability at 4°C or if frozen (e.g.,
�70°C). Even thought freezing causes loss of infectivity and
virus destruction (�90% at times), the small amount of infec-
tivity that is left must be sufficient for virus recovery (279, 401).
HPIV-1 can be recovered even after 26 years of being frozen
(�70°C), with a recovery rate greater then 90% (K. J. Hen-
rickson, unpublished data). The addition of several reagents
(e.g., 0.5% bovine serum albumin, skim milk, 5% dimethyl
sulfoxide, or 2% chicken serum) to HPIV prior to freezing has
been shown to prolong survival (47, 165, 401). In addition,
optimal stability of HPIV occurs at physiologic pH (7.4 to 8.0),
while infectivity is rapidly lost at pH 3.0 to 3.4 (131, 132), under
low humidity (244), and with virus desiccation (6, 29). HPIV
and all myxoviruses are inactivated by ether (5).

Serotypes

HPIV has four predominant serotypes. Serologic and anti-
genic analysis of all of the species within the Paramyxovirinae
subfamily demonstrates four basic genera (Table 1): (i)
HPIV-1, HPIV-3, Sendai virus, and bovine PIV-3; (ii) HPIV-2,
HPIV-4, mumps virus, and simian viruses 5 and 41; (iii) mea-
sles and distemper viruses (136, 298, 301, 356); and (iv) the new
megamyxoviruses. The HPIV all induce variable levels of het-
erotypic antibody during infection and have common antigens.
This often makes it impossible to determine whether serologic
positivity represents specific amnestic responses or cross-reac-
tions to similar antigens on different HPIVs. However, specific
hyperimmune animal serum (e.g., hamster or guinea pig) can
usually differentiate between these viruses in standard hemag-
glutinin inhibition (HI), hemadsorption inhibition (HAdI),
complement fixation, or neutralization tests or enzyme-linked
immunosorbent assay (ELISA) (37, 317).

Two major subtypes of HPIV-4 (A and B) were discovered
shortly after this virus was first identified 40 years ago. HAdI
and neutralization assays could easily distinguish these sub-
types, but complement fixation could not (36). During the
same decade, several HPIV-2 strains were isolated that could
be differentiated serologically from the type stain (272), and
then about 10 years ago studies demonstrated significant anti-
genic variation between different HPIV-2 clinical isolates
(302). At about the same time, strains of HPIV-1 were re-
ported that could be separated from the type strain by ELISA,
HI, and neutralization assays (143). Molecular analyses of all
four types have demonstrated more antigenic and genetic het-
erogeneity than was initially appreciated (136, 139, 140, 143,
200, 201, 356, 362, 398). In fact, the data suggest that all four
major HPIV serogroups (HPIV-1 to HPIV-4) have subgroups
or populations that have unique antigenic and genetic charac-
teristics. Even HPIV-4 subtypes A and B demonstrate this
variability (201). The variability and changes seen in HPIV
suggest an evolutionary pattern similar to that of influenza B
virus. Polyclonal serologic testing can detect most HPIV
strains using common “type” antigens, but subgroups of
HPIV-1 (A, C, and D) and HPIV-3 have been reported with
progressive antigenic change (143). In addition, HPIV-1
strains isolated over the last 12 years demonstrate persistent
antigenic and genetic differences compared to the 1957 type
strain, including differences between genotypes within the
same epidemic and same geographic location (136, 139, 140,
143, 200). This progressive antigenic change (although slow)
will cause standard reference sera raised to HPIV isolates from
the 1950s, or antigen prepared from these same “type” strains,
to not universally react in routine serologic assays in the future.
Examples of this have already occurred, leading to failure of
commercial diagnostic products. Investigators now often use
more recent strains of HPIV as sources of antigen or genomic
material.

Growth in Cell Culture

A number of primary and secondary cell lines support the
growth of HPIV. The most common are LLC-MK2, Vero,
CV-I, primary cynomologus and rhesus monkey kidney, Wish,
HMV-II, HEp-2, MDCK, BHK, HeLa, primary human em-

VOL. 16, 2003 PARAINFLUENZA VIRUSES 245



bryo, KB, Am, HEB� L929, and HEF (19, 96, 112, 223, 250,
252, 271, 311, 324). HPIV can also replicate in organ cultures
from mouse, guinea pig, ferret, and human fetal respiratory
epithelium (204). Primary monkey kidney tissue culture is
more sensitive to initial isolation of HPIV-1 and HPIV-2 than
is LLC-MK2 culture but is prone to foamy virus contamina-
tion. If contamination occurs, it does not usually interfere with
HPIV detection.

HPIV are isolated more easily in epithelial cell lines than in
fibroblast cell lines. The addition of an exogenous protease
(trypsin) to the cell culture medium facilitates virus recovery
for some serotypes and strains of HPIV. All HPIV need to
have their F0 protein cleaved and activated into F1 and F2 for
efficient growth in cell culture. Cell lines vary in their ability
to produce the apporgriate proteases. For example, HPIV-3
grows efficiently in PMK cells and to high titer in LLC-MK2
cells with serum-free medium, but the addition of trypsin al-
lows increased infectivity in HEp-2 cells (311). HPIV-1,
HPIV-2, and HPIV-4 demonstrate greater replication in Vero
cells in the presence of trypsin (249, 323). HPIV-1 has a strict
and specific requirement for trypsin or a trypsin-like protease
in LLC-MK2 cells. HPIV-1, HPIV-2, and HPIV-3 all can be
recovered in PMK cells (e.g., cynomologus and rhesus monkey
cells) without trypsin (11). However, there is variability be-
tween species of PMK cells and the ability to efficiently grow
HPIV because the addition of trypsin increases viral recovery
in African green monkey PMK cells (138).

CPE. PMK cells rarely show cytopathic effects (CPE) when
infected with the majority of HPIV isolates. A small number of
HPIV-2 and HPIV-3 clinical isolates may demonstrate focal
rounding and destruction, elongated cells, and occasional syn-
cytia on initial isolation. All HPIV demonstrate greater CPE
on adaption to a particular cell line, with HPIV-3 being the
most aggressive. Well-adapted strains of HPIV-3 can destroy
more than 50% of a tissue culture monolayer by the third day.

Host Range

HPIV can infect many different animals both naturally and
under experimental conditions. Asymptomatic infection can be
induced in hamsters, guinea pigs, and adult ferrets by all four
HPIV types (37, 47, 174, 233, 304). However, fatal disease is
caused by infection with HPIV-1 to HPIV-3 in newborn ferrets
(233). Interestingly, HPIV-3 causes clinically asymptomatic in-
fection in cotton rats and hamsters, but on autopsy significant
respiratory pathology and virus replication can be demon-
strated (193, 290). HPIV-3 induces hyperreactivity in the tra-
cheas of guinea pigs and neonatal hydrocephalus in hamsters
whose mothers were intervenously inoculated (35, 346). Pri-
mates are easily infected with HPIV, but almost all infections
are asymptomatic. Chimpanzees, macaques, and squirrel, owl,
patas, and rhesus monkeys have been asymptomatically in-
fected with HPIV-3 or HPIV-4 (202, 337, 363), and only mar-
mosets have developed symptomatic upper respiratory infec-
tions (URI) with HPIV-3 and Sendai virus (133).

There are numerous PIV closely related to HPIV that have
adapted to other mammalian species. HPIV-1 has antigenic,
genetic, and pathophysiologic homology to Sendai virus, which
infects mice, hamsters, and pigs (47, 169, 293). Simian viruses
5 and 41 are related to HPIV-2 and infect primates (161, 243,

298). Another virus related to both HPIV-2 and simian virus 5
is canine parainfluenza virus (CP2), which causes croup and
lower respiratory infection (LRI) in dogs (15, 282). Bovine
PIV-3 has been associated with “shipping fever” in cattle, and
is antigenically related to HPIV-3 (387). This virus or similar
viruses may also infect horses, sheep, goats, water buffaloes,
deer, dogs, cats, monkeys, guinea pigs, rats, and pigs (1, 91,
225, 290). Some PIV can infect nonmammalian species. A
rubulovirus, Newcastle disease virus, infects poultry, penguins,
and other birds and has been responsible for conjunctivitis in
bird handlers and laboratory workers (3, 28, 264). There have
been reports of human infections by some of the other non-
human PIV, but these have not been well established (21, 161,
298, 387).

Viral Antigens

Whole virus and chemically or physically disrupted HPIV
can be used to yield many useful antigens. The membrane-
associated proteins HN, F, and M can be separated from the
nuceocapsid (N, L, P, and RNA) by treatment with various
detergents (or ether) and ultracentrifugation. Dialysis and col-
umn chromatography can then be used for further purification
and separation. Many of the genes for the structural proteins
of HPIV have been cloned, and the viral proteins have been
produced in appropriate expression vectors, but these are not
available commercially. The above methods produce useful
individual HPIV antigens for most laboratory purposes. In
addition, the HPIV membrane can be disrupted by buffer with
0.5% Triton X-100 to yield an antigenic preparation that works
well in ELISA. Sodium dodecyl sulfate-treated whole virus
works well in polyacrylamide gel electrophoresis and Western
blot analysis. HPIV treated with NP-40 to disrupt the viral
membrane produces a reagent that works well in radioimmune
precipitation. Whole undisrupted virus (no detergent) is useful
for laboratory work involving unmodified surface glycoproteins
(HN and F), for example hemagglutination, HI, HAdl, and
neuraminidase assays.

Viral Reagents

Polyclonal or monoclonal antibodies can be made using any
portion of HPIV. The intranasal inoculation of whole virus
into guinea pigs or hamsters produces a specific hyperimmune
serum that works well in standard serologic tests (37). Prior to
immunization, animals need to be screened for naturally oc-
curring (cross-reacting) PIV antibody and then kept isolated.
A repeat (booster) immunization should be given 2 to 3 weeks
following the initial antigenic priming. Low-level heterotypic
antibody production often is produced, and the commercial
animal antiserum that has been available to HPIV-1 and
HPIV-3 has had problems with cross-reactivity to HPIV-2. If
more specific antiserum is being made using viral subunits,
then adjuvants may need to be used and immunizations are
usually intermuscular, intradermal, or intravenous. Monoclo-
nal antibodies (MAbs) have been produced to all four major
serotypes of HPIV and are commercially available. Usually
these MAbs are very specific, although minor cross-reactivity
has been reported (136). These serologic reagents can be used
for virus detection in ELISA, immunofluorescence (IF) assays,
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HI, HAdl, complement fixation, Western blotting, radioimmu-
noprecipitation, and neutralization assays. HPIV antigen de-
tection using a modification of the ELISA technique (time-
resolved fluorometry) may be more sensitive than standard
ELISA (147). However, as described above, HPIV antigenic
variation is occurring steadily and many MAbs no longer bind
and/or function in ELISA or in HI or neutralization assays.
Assays utilizing MAbs may in the future need to routinely
contain multiple different antibodies for maximum sensitivity.

EPIDEMIOLOGY AND CLINICAL FEATURES

HPIV are common community-acquired respiratory patho-
gens without ethnic, socioeconomic, gender, age, or geographic
boundaries. Many factors have been found that predispose to
these infections, including malnutrition, overcrowding, vitamin
A deficiency, lack of breast feeding, and environmental smoke
or toxins (22, 38, 192, 237, 355). There are more than 5 � 106

LRI each year in the United States in children younger than 5
years (70, 116). HPIV-1 to HPIV-3 have been found in as many
as one-third of these infections (70, 116, 259). In addition,
HPIV cause URI in infants, children, and adults and, to a
lesser extent, LRI in the immunocompromised, those with
chronic diseases (e.g., heart and lung disease and asthma) and
the elderly (86, 87, 115, 116, 207, 259, 381). Less is known
about HPIV-4. Young infants and children are clearly infected
by this virus, but it is rarely isolated. Serologic surveys have
demonstrated that most children between 6 and 10 years of age
have evidence of past infection, suggesting mild or asymptom-
atic primary infections (110). Acute respiratory infections
cause 3 to 18% of all admissions to pediatric hospitals, and
HPIV can be detected in 9 to 30% of these patients depending
on the time of year (38, 75, 259; K. J. Henrickson, S. H.
Hoover, K. S. Kehl, and W. Hua, submitted for publication).
There are between 500,000 and 800,000 LRI hospitalizations
(in persons younger than 18 years) in the United States each
year, with approximately 12% being for HPIV-1, HPIV-2, and
HPIV-3 infections (322). This is second only to RSV as a cause
of hospitalization for viral LRI. Immunity to HPIV is incom-
plete, and infections occur throughout life; however, less is
known about infections in adults. Therefore, the majority of
the clinical discussion will focus on children.

Biennial fall epidemics are the hallmark of HPIV-1 and
occur in both hemispheres (38, 232, 259). Reports from the
United States have suggested that a minimum of 50% of croup
cases are caused by this virus (69, 70, 232). During each
HPIV-1 epidemic, an estimated 18,000 to 35,0000 U.S. chil-
dren younger than 5 years are hospitalized (20, 69, 70, 116, 138,
232, 329, 388). Some of these children have bronchiolitis, tra-
cheobronchitis, pneumonia, and febrile and afebrile wheezing.
The majority of infections occur in children aged 7 to 36
months, with a peak incidence in the second and third year of
life. HPIV-1 can cause LRI in young infants but is rare in those
younger than 1 month. The full burden of HPIV-1 in adults
and the elderly has not been determined, but several studies
have shown this virus to cause yearly hospitalizations in healthy
adults and perhaps play a role in bacterial pneumonias and
deaths in nursing home residents (86, 87, 92, 231). HPIV-1, to
HPIV-3 have all been found to occur at low levels in most

months of the year, similar to RSV and influenza virus (142,
373).

HPIV-2 has been reported to cause infections biennially
with HPIV-1 or alternate years with HPIV-1 or to cause yearly
outbreaks (20, 75, 259). We see some HPIV-2 activity every
year in Milwaukee, Wis. The peak season for this virus is fall to
early winter. HPIV-2 causes all of the typical LRI syndromes,
but in nonimmunocompromised or chronically ill children
croup is the most frequent syndrome brought to medical at-
tention. LRI caused by this virus has been reported much less
frequently than with HPIV-1 and HPIV-3. This may be due to
difficulties in isolation and detection. As many as 6,000 chil-
dren younger than 18 years may be hospitalized each year in
the United States because of HPIV-2 (Henrickson et al., sub-
mitted). About 60% of all HPIV-2 infections occur in children
younger than 5 years, and although the peak incidence is be-
tween 1 and 2 years of age, significant numbers of infants
younger than 1 year are hospitalized each year. HPIV-2 is
often overshadowed by HPIV-1 or HPIV-3 infections, yet in
any one year or location it can be the most common cause of
parainfluenza LRI in young children.

Young infants (younger than 6 months) are particularly vul-
nerable to infection with HPIV-3. Unlike the other HPIV, 40%
of HPIV-3 infections are in the first year of life. Brochiolitis
and pneumonia are the most common clinical presentations.
Only RSV causes more LRI in neonates and young infants.
HPIV-3 has caused outbreaks within neonatal intensive care
units, and the natural history of this virus in the neonate is
currently being studied (373). Approximately 18,000 infants
and children are hospitalized each year in the United States
because of LRI caused by HPIV-3. This virus causes yearly
spring and summer epidemics in North America and Europe
and is somewhat endemic, especially in the immunocompro-
mised and chronically ill. Although the exact reasons for the
different seasonality of the HPIV types is unknown, differences
in ambient climate conditions have been proposed as one hy-
pothesis (71, 116).

Only a small number of studies have reported on the isola-
tion or epidemiology of HPIV-4 (36, 37, 46, 110, 191). These
cases and data are distributed fairly equally between infants
younger than 1 year, preschool children, and school age chil-
dren and adults. Seroprevalence studies have demonstrated
that 60 to 84% of infants have significant antibody levels after
birth (presumably maternal in origin). These levels drop to 7 to
9% by 7 to 12 months of age and stay low for several years
before increasing to about 50% by 3 to 5 years of age. Antibody
levels to HPIV-4 continue to rise throughout childhood until
approximately 95% of adults have antibody to HPIV-4 A and
75% have antibody to HPIV-4 B (110). Interestingly, the ma-
jority of HPIV-4 clinical isolates appear to be subtype B. All of
the different respiratory tract syndromes can be caused by
HPIV-4. Although hospitalization of infants and young chil-
dren secondary to HPIV-4 LRI has been reported, serious
disease is either rare or difficult to diagnose based on the
seroprevelence (216).

Animal PIV have been reported on occasion to infect hu-
mans. The majority of evidence to support this hypothesis is
serologic, and because of the antigenic relatedness of the re-
spirovirus and rubulavirus genera, it is difficult to substantiate.
However, closely related megamyxoviruses (Hendra and Nipah
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viruses), whose natural host appear to be bats, have recently
caused serious epidemics of encephalitis in humans (53, 254,
265). Also, Newcastle disease virus clearly causes human dis-
ease and is discussed under “Host range.” Other examples of
PIV infecting outside of their usual host range include bovine
PIV-3 in humans, HPIV-1 in mice, and mouse PIV-1 (Sendai
virus) in African green monkeys (155, 182, 314). These infec-
tions are usually asymptomatic.

Clinical Syndromes

HPIV have been associated with every kind of upper and
lower respiratory tract illness. However, there is a strong rela-
tionship between HPIV-1, HPIV-2, and HPIV-3 and specific
clinical syndromes, age of child, and time of year, as described
above. Our lack of epidemiologic data on HPIV-4 has so far
prevented a clear understanding of the unique clinical niche of
this virus.

Croup (acute laryngotracheobronchitis). Children present
with fever, a hoarse barking cough, laryngeal obstruction, and
inspiratory stridor. The incidence peaks between 1 and 2 years
of age and is more frequent in boys. In Milwaukee, we have
found white children to have had a much higher incidence than
black children (137). Approximately 10 to 25% of cases of LRI
in children younger than 5 years presents as croup (depending
on age). The causative agent has been identified in about 50%
of croup cases (36 to 74%) (69, 70, 137, 216, 259). HPIV have
made up between 56 and 74% of these cases (131), with
HPIV-1 (26 to 74%) being the most frequent subtype (69).
HPIV-2 and HPIV-3 average around 10% each as etiologic
agents. Sampling of a national database (0.5% of total) and
community-based estimates have suggested between 27,000
and 66,000 hospitalizations each year in the United States for
croup (137, 232; Henrickson et al., submitted). In years when
HPIV-1 is not epidemic, HPIV-2 has been found to cause
croup outbreaks. Even during HPIV-1-epidemic years, HPIV-
2 has been reported to cause �60% of the croup cases in an
individual community (232). HPIV-3 has been demonstrated
to cause severe croup in an adult (386). RSV, influenza A and
B viruses, adenoviruses, rhinoviruses, and, in school age chil-
dren, Mycoplasma have all been shown to cause croup. A
recent retrospective review suggested that influenza virus
croup was more severe than parainfluenza virus croup (284).

Bronchiolitis. The diagnosis of bronchiolitis is unique to
pediatrics because of the size of infant’s terminal airways. The
predominant symptoms include fever, expiratory wheezing,
tachypnea, retractions, rales, and air trapping. The peak inci-
dence of bronchiolitis is in the first year of life (81% of cases
occur during this period) and then dramatically declines until
it virtually disappears by school age. This syndrome is diag-
nosed in approximately 25 to 30% of LRIs in childhood but
makes up a larger percentage in the first year or two of life. At
least 90% of cases of bronchiolitis are thought to be viral in
origin, and a viral identification rate as high as 83% has been
reported (70, 259). Hospitalizations for bronchiolitis have been
steadily increasing over the last 20 years in the United States
(322). All four types of HPIV can cause bronchiolitis, but
HPIV-1 and HPIV-3 have been reported most commonly.
Each of these two groups appears to cause 10 to 15% of cases
of bronchiolitis in nonhospitalized children. However, in

hospitalized children, HPIV-3 causes many more cases than
HPIV-1 (three or four times as many) and is second only to
RSV as a cause of bronchiolitis and pneumonia in young in-
fants.

Pneumonia. Pneumonia is classicly diagnosed by the pres-
ence of fever and rales and evidence of pulmonary consolida-
tion on physical examination or X ray. Pneumonia is diagnosed
in 29 to 38% of children hospitalized with LRI and in 23%
treated as outpatients (20, 70, 173, 190, 259). However, since
several of these classic LRI syndromes decrease with age,
pneumonia causes 83% of hospitalizations of children with
LRI older than 5 years. The peak incidence for pneumonia is
in the second and third years of life. Recently, at least one-
third of pneumonia hospitalizations have been in children with
chronic diseases (115; Henrickson et al., submitted). Viruses
have been shown to cause up to 90% of these LRI, especially
in the first year (66, 70, 156, 205, 262, 270), and this percentage
decreases to approximately 50% by school age (70, 173, 205).
After 9 to 10 years of age, viruses cause a decreasing but still
significant amount of pneumonia in immunocompetent indi-
viduals. The percentage of pneumonias with a documented
viral etiology eventually declines to about 12% by adulthood
(74, 76, 122, 231). HPIV-1 and HPIV-3 each cause about
10% of outpatient pneumonias, but, similar to bronchiolitis,
HPIV-3 causes a larger percentage of cases in hospitalized
patients. Pneumonia can be caused by both HPIV-2 and
HPIV-4, but the incidence of disease is not well described.
HPIV-1 infection has been associated with secondary bacterial
pneumonias in the elderly (92).

Tracheobronchitis. Patients with lower respiratory signs and
symptoms who do not fit well into the above three syndromes
often receive a diagnosis of tracheobronchitis. The most com-
mon symptoms include cough and large-airway noise on aus-
cultation (rhonchi), but patients also may have fever and URI.
About 20 to 30% of children with LRI receive this diagnosis.
The incidence is lower in the first 5 years of life, but tracheo-
bronchitis is fairly evenly diagnosed throughout school age and
adolescence. Viral agents make up the majority of etiologies in
children (70). More than 25% of the agents identified to cause
tracheobronchitis have been HPIVs (HPIV-3 is more common
than HPIV-1 or HPIV-2). Several studies have recorded tra-
cheobronchitis as the most common diagnosis in patients with
HPIV-4 infections. Also, this diagnosis is used more commonly
in patients with chronic diseases (Henrickson et al., submit-
ted).

Any single HPIV can cause more than one of these LRI
syndromes to occur simultaneously or progressively in the
same child. In 5 to 20% of LRI cases, two viruses can be
detected and may be associated with more severe disease (76).
HPIV routinely cause otitis media, pharyngitis, conjunctivitis,
and coryza (common cold). These URI can occur singly or in
any combination with the above-mentioned LRI. Otitis media
has been shown to be associated with viral respiratory tract
infections in 30 to 60% of cases. Viruses may work synergisti-
cally with bacteria to initiate otitis media or prolong symptoms,
and occasionally they are found to be the only cause of disease
(50). HPIV-3 is the most frequently reported HPIV associated
with otitis media (388). HPIV have been found in 1% of
middle ear effusions and in 2% of nasopharyngeal secretions in
children with acute otitis media (310).
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Immunocompromised hosts. Immunocompromised children
and adults appear to be particularly succeptible to developing
sever and fatal LRI with HPIV. HPIV-2 has caused giant-cell
pneumonia in severe combined immunodeficiency syndrome
(SCIDS) (180) and has been found along with HPIV-3 in
SCIDS (68, 98, 143, 219, 236) and acute myelomonocytic leu-
kemia (377) and after bone marrow transplantation (BMT)
(380). It is common for more than one pathogen to be found in
these patients on autopsy, but HPIV alone is found in two-
thirds of the cases. Persistent respiratory tract infection and
excretion of HPIV-1, HPIV-2, and HPIV-3 have been de-
scribed in SCIDS (98, 143, 180), with HPIV-3 in a child with
DiGeorge syndrome after a thymic transplant (17), and in
human immunodeficiency virus-infected children (176, 194,
195). The natural history of HPIV in human immunodeficiency
virus-infected children is still largely unknown, but severe dis-
ease appears uncommon until they are significantly T-cell de-
ficient (239). HPIV-3 has been associated with acute rejection
episodes in renal and liver transplant recipients (67, 146). Sol-
id-organ transplant and BMT patients develop HPIV URI and
LRI, including consolidated and interstitial pneumonia (7, 214,
220, 374, 380, 381). HPIV-3 has been the most frequent HPIV
type isolated from immunocompromised patients with LRI
and is a common cause of fever and neutropenia in children
with cancer (9, 224, 266). This virus is persistently shed from
BMT patients for up to 4 months without accumulating any
mutations (399). Between 5 and 7% of adult BMT and leuke-
mia patients become infected with HPIV-1, HPIV-2, and
HPIV-3 (9, 214, 224, 266, 381); approximately 24 to 50% de-
velop pneumonia and 22 to 75% of these will die. A retrospec-
tive study found that 41% of pediatric BMT patients with
HPIV infection (47% of viral respiratory infections) developed
pneumonia and 6% died (224). HPIV has been shown to cause
serious LRI and death (8%) in lung transplant recipients up to
5 years after transplantation (367). HPIV-3 has been reported
to cause parotitis in children with SCIDS and “common vari-
able” hypogammaglobulinemia (63). Immunocompromised
patients have been found to have HPIV infection in other
nonrespiratory sites including cerebrospinal fluid (CSF), peri-
cardial fluid, white blood cells, and liver (16), as well as in
postmortem cultures of the myocardium and liver (93).

Neurologic disease. For many decades, PIV have been as-
sociated with acute and chronic neurologic disease. Children
hospitalized with HPIV have had significant problems with
febrile seizures. HPIV-4B appears to have the greatest associ-
ation (up to 62%), followed by HPIV-3 (17%) and HPIV-1
(7%) (75). HPIV-1 strains were isolated from two patients with
multiple sclerosis (213, 242), but evidence of antibody to
HPIV-1 in the serum or CSF of MS patients has been lacking
(31, 211). One report demonstrated that 2 of 25 CSF samples
from MS patients had low positive HI titers to HPIV-1 but 3 of
25 had positive titers to measles virus (12). Similarly, virus
cultures and electron microscopy of other MS patients failed to
find evidence of HPIV-1. However, HPIV-1 and Sendai virus
have been detected using PCR in tissue from the ofactory
bulbs of mice (247, 248). Animal PIV related to HPIV-2 have
been found in patients with MS and subacute sclerosing pan-
encephalitis (118, 307). Two closely related paramyxoviruses
(Hendra and Nipaha viruses) have been shown to cause severe
encephalitis and death in children and adults (53, 254, 265).

HPIV-3 has been isolated from the CSF of a patient with
Guillain-Barré syndrome (309) and adults with demyeliniza-
tion syndromes (370) and has occasionally been shown to cause
meningitis in children (8, 370, 385) and adults (370). HPIV-1,
HPIV-2, and HPIV-3 have been isolated from the respiratory
tract of children with acute encephalitis (23). In addition, sev-
eral diseases have been linked to HPIV-3 by serology, includ-
ing encephalitis, ventriculitis, and cluster headaches in an adult
(24, 321). All of these data suggest that some strains of HPIV
may have neurotropism in certain hosts. Until more studies are
done to clarify the role HPIV plays in human neurologic dis-
ease, this possibility will be vastly overshadowed by their sig-
nificant contribution to respiratory disease.

Other syndromes. Full-term and premature infants have de-
veloped apnea and bradycardia during HPIV infection (235,
241, 321, 328). Two children with adult respiratory distress
syndrome were infected with HPIV-1 (157). HPIV-3 has been
implicated in supraglottitis and bronchiolitis obliterans (120,
285). HPIV parotitis has been diagnosed in otherwise healthy
children infected with HPIV-1 and HPIV-3 (26, 402), in im-
munocompromised children (381), and in a patient with cystic
fibrosis (34). Croup caused by HPIV has been associated with
bacterial tracheitis (83, 218). Exacerbations of nephrotic syn-
drome in children have been linked to viral respiratory infec-
tions in general (226). Nonrespiratory tissues are rarely infect-
ed with HPIV. However, both immunocompromised patients
and children with croup have had documented viremia and
disseminated infection (308). Similarly, children and adults
with acute non-A, B, C hepatitis have had paramyxovirus-like
nucleocapsids found in their liver, giant cells, and syncytia on
tissue examination (286). It is possible that HPIV may play a
role in this disease. HPIV-3 has been cultured from a 37-year-
old man with myopericarditis, and other HPIV types have been
diagnosed serologically in patients with myocarditis or perid-
carditis (383). Elevated levels of antibodies to HPIV-1 have
been reported in patients with systemic lupus erythematosus
and Reiter’s syndrome (287). However, the differences be-
tween the mean antibody titers of the controls and the subjects
were only one or two dilutions. Recent work using reverse
transcription-PCR (RT-PCR) has demonstrated no evidence
of mumps virus P or HN genes in patients with inflammatory
bowel disease (168). There does not yet appear to be a clear
link established between HPIV and inflammatory or connec-
tive tissue disease. There is a relationship between infection
with common respiratory pathogens and myalgias and rhabdo-
myolysis. HPIV-3 has been cultured from a child who died with
rhabdomyolysis (359). Also, HPIV-2 has been serologically
linked to myalgias and myoglobinuria in an adult (273). HPIV-
3 has been cultured from throat and rectal cultures in an adult
patient with bloody diarrhea, but other now common gastro-
intestinal pathogens were not sought (M. D. Aronson, D. Ka-
minsky, and C. A. Phillips, Letter, Ann. Intern. Med. 81:856–
857, 1974). Likewise, respiratory tract symptoms were found in
11% of young children diagnosed with rotavirus gastroenteri-
tis, but the etiology of the respiratory symptoms was not de-
termined (30). No clear role for HPIV in gastroenteritis has
been determined.

Nosocomial infections. Doctors’ offices, hospitals, and chronic
care facilities are institutions where respiratory viruses are
frequently transmitted between patients. The populations at
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greatest risk for HPIV infection are young preschool children,
the immunocompromised, and the elderly (399). Children in-
fected with HPIV-3 will transmit this virus to a minimum of
20% of uninfected control children residing on the same ward
(258). About one-third of these will develop mild respiratory
symptoms, but some will experience serious LRI and even
death (75, 258). Serious sequelae are most common in patients
with underlying medical problems. The mean length of hospi-
talization was increased by many days, even for those with only
mild symptoms, because of unnecessary tests and therapies due
to their new signs and symptoms. If it is not practical to isolate
all children admitted to a particular institution with signs of
respiratory infection, then strict handwashing between patients
must be enforced and high-risk patients must be cohorted away
from these possibly infected patients. In addition, strict rules to
limit patient exposure to visitors or staff with respiratory symp-
toms may help to decrease nosocomial HPIV infections.

Economic burden. The socioeconomic conditions within a
country are the biggest determinants of the ultimate cost of
HPIV infection. In undeveloped regions, the cost is in human
lives. In the United States, mortality is unusual and the cost of
these viruses is seen mostly in health care utilization, hospital-
ization, lost productivity for parents, and, perhaps, long-term
respiratory tract sequelae in children. A parent’s lost time both
from work and home secondary to HPIV infections has not
been quantitated but is considerable. Extrapolations based on
hospitalizations a decade ago indicate that the yearly cost of
HPIV-1 and HPIV-2 infection could exceed $186 million na-
tionally (138). Another estimate based on a computer gener-
ated sampling of a national data base (0.5%) for croup caused
by HPIV-1 resulted in an estimate of $30 million per croup
epidemic for this subset of disease caused by this one virus
(232). Separate and independent extrapolations using more
recent data from Children’s Hospital of Wisconsin (CHW)
suggest that the yearly cost of hospitalizations for HPIV infec-
tions in the United States exceeds $200 million (Henrickson et
al., submitted). In addition, this estimate does not take into
account URI caused by these viruses, the fact that HPIV-3
causes longer and more costly stays than HPIV-1 or HPIV-2,
or the economic burden of infections in adults and immuno-
compromised patients.

Morbidity and mortality. Children who were tested years
after having croup have demonstrated increased bronchial re-
activity (221). Similarly, children with LRI caused by RSV have
been shown to have chronic pulmonary abnormalities includ-
ing decreased gas exchange (128, 187), restrictive lung disease
(144, 341), obstructive lung disease, and hyperreactivity (128,
144, 187, 357). Even adults have been reported with long-term
lung disease following HPIV LRI (124, 277). These viruses
clearly cause acute inflammatory changes directly to airways
and also are capable of inducing responses in the immune
system (e.g., humoral, cellular cytokine production and inter-
action with allergens) that lead to acute pulmonary changes
(357). The exact role of HPIV or other common respiratory
viruses in chronic respiratory illness (e.g., asthma and chronic
obstructive pulmonary disease is still being determined. This
includes looking at the question of biased selection of suscep-
tible or at-risk individuals (phenotype expression) in long-term
follow-up studies. However, persistent changes in lung me-
chanics and hyperresponsiveness have been demonstrated in

animal models of PIV LRI (295, 333), suggesting that HPIV
LRI may lead to chronic pulmonary damage in some hosts.

As stated above, mortality induced by HPIV is unusual in
developed countries and is seen almost entirely in young in-
fants, the immunocompromised, and the elderly. However, the
preschool population in developing countries has considerable
risk of HPIV-induced death. Whether by primary viral disease
or by facilitating secondary bacterial infections in malnour-
ished children, LRI causes 25 to 30% of the deaths in this age
group and HPIV causes at least 10% of the LRI (22).

Mode of Transmission

HPIV transmission has been specifically investigated in only
a few studies. Air-sampling experiments have shown that
HPIV-1 could be recovered from only 2 of 40 infected children
at a distance of 60 cm (238). Therefore, transmission is unlikely
to take place by small-particle aerosol spread. Close-contact
transmission and surface contamination by RSV takes place by
aerosolization of large droplets. Furthermore, contaminated
surfaces may then lead to direct self-inoculation (126). It is
thought that HPIV is transmitted by similar modalities. HPIV-
1, HPIV-2, and HPIV-3 have all been shown to survive for up
to 10 h on nonporous surfaces and 4 h on porous surfaces (29).
However, HPIV-3 experimentally placed on fingers has been
shown to lose more than 90% of its infectivity in the first 10
min and could not be transferred to other fingers (6). Person-
to-person spread by direct hand contact appears to be an
unlikely means of transmission. However, the amount of virus
excreted from an acutely infected child may be more than 10
times greater then that tested (127). HPIV can be efficiently
removed from surfaces with most common detergents, disin-
fectants, or antiseptic agents (29).

Pathogenesis

The pathogenesis of HPIV is still being explored. Respira-
tory epithelium appears to be the major site of virus binding
and subsequent infection. Infection of nervous tissue (olfacto-
ry) during intranasal challenge with Sendai virus has been
suggested by studies in mice (248). Tissue tropism for HPIVs is
known to be directed by the HN protein (see “Structural or-
ganization” above). There may be differences between these
viruses in where and how they are absorbed and released from
respiratory epithelium (polarity) (27). HPIV-3 appears to be
absorbed and released more extensively from the apical then
the basolateral domains of A549 cells. Viral antigen has been
localized to the apical portion of epithelial cells in infected
cotton rats (290). Actin and the cytoskeleton have been re-
ported to play roles in transcription, maturation, and the move-
ment of viral glycoproteins to the surface of infected cells.
HPIV-3 needs functioning microtubules for efficient release
(27). Similarly, HPIV-2 forms filamentous shapes 5 to 15 �m
long in polarized epithelial cells, and this formation is depen-
dent on actin (393). HPIV-3 and Sendai virus do not form
these shapes. More work needs to be done to better under-
stand these important relationships.

When HPIV infects a cell, the first observable morphologic
changes may include focal rounding and increase in size of the
cytoplasm and nucleus. HPIV decreases host cell mitotic ac-

250 HENRICKSON CLIN. MICROBIOL. REV.



tivity as soon as 24 h after inoculation (204). Other changes
that can be observed include single or multilocular cytoplasmic
vacuoles, basophilic or eosinophilic inclusions, and the forma-
tion of multinucleated giant cells (60, 204). These giant cells
(fusion cells) usually occur late in infection and contain be-
tween two and seven nuclei. Paramyxoviruses are known to
induce apoptosis in tissue culture cells (134). The focal tissue
destruction caused by HPIV is usually mild and rapidly re-
paired and, in many infections, may not even be detectable.
Infection in immunocompromised hosts is an exception where
giant-cell pneumonia can lead to death. Disease severity has
been correlated with HPIV shedding in children (127) but not
in adults (352). Species-specific down regulation of mouse
smooth muscle receptors have been reported following Sendai
virus infection (198). However, virus-induced pathologic fea-
tures and hyperresponsiveness still occurred in rats even with-
out down regulation. Airway hyperresponsiveness in guinea
pigs has been associated with sensory neuropeptide depletion
(305).

Persistent infection with active viral replication has been
demonstrated both in vitro (tissue culture) and in vivo (human
infection) (2, 81, 100, 112, 124, 125, 169, 252, 256, 261). Per-
sistent infections with HPIV do not seem to cause morphologic
changes or symptoms (e.g., HPIV-2) (2). However, genetic
alterations in HPIV and host cells have been reported (81, 112,
261), as well as decreased numbers of host cell surface sialic
acid HN receptors (251). The immune response, or lack there-
of, in an infected patient clearly affects the clearance of HPIV
and the development of persistent infection (67, 236, 377). It is
not known what percentage of HPIV infections lead to persis-
tent infection or how persistence is maintained in human hosts.

Both the HN and F proteins have been shown to be involved
with cell membrane fusion, but this appears to be virus (type)
specific, with some paramyxoviruses needing only the F protein
(162, 251). Furthermore, fusion may demonstrate different ki-
netics depending on whether it takes place virus to cell or cell
to cell (251). Certainly, HPIV host range and virulence are
determined in part by the ability of host epithelial cells to
enzymatically activate the F protein. Also, the neuraminidase
activity of the HN protein may play a role in altering musca-
rinic receptors, leading to vagus-induced bronchospasm, and
can cause HPIV-infected cells to resist infection when chal-
lenged with HPIV (viral interference) (103, 104, 154).

The immune mechanisms and pathways involved in local cell
injury and tissue damage are largely unknown. HPIV-specific
immunoglobulin E (IgE) and histamine may contribute to dis-
ease severity in infants (379). During acute infection in guinea
pigs, increased numbers of inflammatory cells can be found
and airway hyperreactivity and decreased bronchoalveolar cel-
lular superoxide production can be demonstrated (94, 95, 306).
Rats with antibody to formalin-inactivated HPIV-3 showed
enhanced pulmonary inflammation on challenge. In addition,
HPIV-3 induced greater peribronchiolar lymphocyte aggre-
gation and histologic change in one species than in another
(290). In closely related hosts, an individual’s genetically pro-
grammed immunologic response may play an important role in
HPIV pathogenesis.

HPIV does not need antibody to directly activate the initial
components of complement (366). Complement may interfer
with virus-host cell receptor binding. Viral neutralization (in

vitro) has been demonstrated by the terminal attack complex
of complement directly disrupting the virus membrane. HPIV-
1 and other respiratory viruses have been shown to have pro-
coagulant activity that may play a role in cardiovascular disease
(368). Also, PIVs have been shown to enhance the appearance
of pulmonary edema in hypoxic rats, suggesting that they may
be a cause of high-altitude pulmonary edema (39).

Immunology

Host defense against HPIV is mediated largely by humoral
immunity to the two surface glycoproteins HN and F (184,
340). Most children are born with neutralizing antibody to all
four types of HPIV, but these titers quickly fall during the first
6 months of life. HPIV-3 infects approximately two-thirds of
children during their first year of life, causing symptomatic
disease in about one-third. Virtually all children by the age of
3-years will demonstrate serologic evidence of infection. Ani-
mal studies have shown that antibody to either the HN or the
F protein can protect against HPIV-3 challenge but that an-
ti-HN antibodies may play a larger role (340). However, high
levels of anti-HN antibody alone do not fully protect infants
from LRI (184). Repeated infections are often needed before
protection develops. The eventual protection of a child’s lower
respiratory tract against infection by HPIV-3 may be related to
the concomitant increase in the level of anti-F antibody, im-
proved cellular immunity, or both. Antibody-mediated virus
neutralization of progeny virus may be more important than
antibody reacting with infected host cells (255). The majority
of antibody response appears to be IgG1, but 30% of adults
have significant rises in IgG3, IgG4, serum IgA, and IgM levels
(177). During or shortly after an acute infection with HPIV,
most preschool children demonstrate IgM antibody production
(361). Immunity to HPIV-1 and HPIV-2 develops later than
immunity to HPIV-3, increasing more rapidly during the sec-
ond and third years of life. It is not until school age that a
significant percentage of the general population develops an-
tibody levels to HPIV-4.

Secretory IgA plays an important but not fully defined role
in protection against natural infections with HPIV. After nat-
ural infection with HPIV, most children and adults develop
measurable levels of this antibody (160, 330, 378, 392). This has
been shown to be correlated with disease prevention and ame-
lioration in adults (330, 352). However, in infants, secretory
IgA levels did not correlate with the ability of nasal secretions
to neutralize infection or ameliorate disease (392). Cytotoxic
T-lymphocyte responses appear to be important in the clear-
ance of virus from the lower respiratory tract during infections
with HPIV-3 (135, 158, 193) and mouse PIV-1 (152, 153, 185).
Alpha-beta T cells appear to play a larger role in cell-mediated
viral cleance than do gamma-delta or natural killer cells, al-
though all may be involved (73, 152, 228). The human cytotoxic
T-lymphocyte response has been shown to be directed to de-
terminants on the HN, P, and NP proteins of HPIV-1 and
HPIV-3 (55, 65). However, the viral epitopes important in
stimulating this line of defense are still largely unknown. More
recently, the cytokines produced by CD4 and CD8 T cells have
been found during acute LRI caused by Sendai virus in a
mouse model. Interleukin-2 (IL-2), gamma interferon, tumor
necrosis factor, IL-6 and IL-10 were all detected in the lungs
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(245). Similarly, human peripheral blood leukocytes stimulated
by Sendai virus have been shown to produce macrophage in-
flammatory protein 1 alpha, monocyte chemotactic protein 1,
tumor necrosis factor alpha, IL-6, and IL-8 (163). Interferon
may inhibit HPIV-3 primary transcription (52), and likewise
HPIV-3 may inhibit interferon-mediated pathways in T cells,
including major histocompatibility complex class II antigen
expression (108). Another inflammatory mediator induced by
Sendai virus is intercellular cell adhesion molecule 1, which has
been shown to be responsible for neutrophil and lymphocyte
migration into the lung (334).

One of the many inflammatory mediators produced by HPIV-
3-stimulated T-cells is IL-10. This cytokine causes T cells to
decrease their proliferation response and helps protect them
from virus-mediated apoptosis (327). Children with URI caused
by HPIV-3 produce IL-11, which correlates with clinical bron-
chospasm (84). No long-lasting immunity to URI caused by
HPIV ever develops, and infections continue throughout life.

Prevention and Treatment

Field trials of formalin-killed whole HPIV-1, HPIV-2, and
HPIV-3 vaccines failed to protect children against natural in-
fection in the late 1960s (48, 105). The majority of children
developed antibodies to all three HPIV serotypes, but the
levels were considerably lower than those seen following nat-
ural infection (105). Additional studies revealed that some of
the antibody produced against the inactivated viruses may not
have neutralized native virus and that no significant mucosal
immunity developed (260). Current approaches to HPIV vac-
cines include intranasal administration of live attenuated
strains, subunit strategies using the HN and F proteins, recom-
binant bovine/human viruses, and strains engineered using re-
verse genetics.

HPIV-3 and bovine PIV-3 are antigenically related, and
bovine PIV-3 induces resistance in rats and primates to chal-
lenge with HPIV-3 (364). In human trials, seropositive adults
did not produce significant immune responses to bovine PIV-3,
but seronegative volunteers responded quite well to this Jen-
nerian vaccine (54, 62). Vaccine studies of young infants and
children have demonstrated the same promising results (182).
Further studies evaluating the safety and efficacy of bovine
PIV-3 when given as multiple doses and simultaneously with
routine childhood immunizations are under way (210). A new
approach using recombinant bovine PIV-3 with human F and
HN genes and human RSV G and F genes has induced good
antibody titers and protection in hamsters and rhesus monkeys
(129, 319, 320). Sendai virus is antigenically related to HPIV-1.
In another attempt to use the classic Jennerian approach, Sen-
dai virus was tested in primates, in which two doses protected
against challenge by HPIV-1 (155).

Antigenically and genetically stable attenuated strains of
HPIV-3 have been developed by cold adaption (CA). The
stability of these CA vaccine strains is enhanced because of
multiple markers of attenuation in tissue culture (19). The
initial work with these CA strains showed poor infectivity in
older children and adults but protection in weanling hamsters
and chimpanzees (54, 61). In addition, evidence of reversion
toward the wild type was reported in low-passage strains (54).
Higher-passage CA HPIV-3 strains demonstrated immuno-

genicty and attenuation in younger infants, but symptoms still
developed (18). Finally, after further attenuation, a passage of
CA HPIV-3 was found that demonstrated good infectivity,
immunogenicity, attenuation (no diseases), and stability (78,
183). In addition, CA HPIV-3 appears to be more immuno-
genic then BPIV-3. CA strains of HPIV-1 and HPIV-2 have
also been developed, and initial investigation has demon-
strated attenuation in tissue culture and animal models.

Protease activation mutants represent another approach to
developing attenuated strains of HPIV. Infection with HPIV
requires that the F protein be cleaved by a trypsin-like pro-
tease. HPIV strains that are resistant to trypsin cleavage but
sensitive to cleavage by another protease may be attenuated in
humans (318). Protease activation mutants of Sendai virus have
protected mice from lethal challenge infections (230, 349).

The envelope glycoproteins (HN and F) of HPIV-3 have
been cleaved from whole virus to create subunit vaccines that
have demonstrated efficacy in rats, lambs, mice, and hamsters
(4, 246, 300, 303). Many different routes of immunization have
been tried, including subcutaneous, intramuscular, and intra-
nasal. No human trials have yet been reported. Subunit vac-
cines created by cloning HN and F in vaccinia virus and bac-
ulovirus vector systems have been used to immunize rats and
primates (338, 340, 365). Viral shedding and peak titer were
both reduced on subsequent challenge. Reverse genetics are
now being used to develop systems able to evaluate current live
HPIV-3 vaccines in terms of specific mutations and hopefully
introduce specific mutations into wild-type strains in the future
(77, 151). An example of this is the production of a recombi-
nant HPIV-3 that contains the HN and F for HPIV-1 and the
specific CA mutations found in the L gene of HPIV-3 (348).
This vaccine has been found to be protective in hamsters.
Sometime over the next decade, one or more of these ap-
proaches may produce the first licensed HPIV vaccine.

Agents found to have in vitro antiviral activity against para-
myxoviruses include neuraminidase inhibitors (e.g., zanami-
vir), protein synthesis inhibitors (puromycin), nucleic acid
synthesis inhibitors, benzthiazole derivatives, 1,3,4-thiadiazol-
2-ylcyanamide, carbocyclic 3-deezaadenosine (Cc3Ado), ascor-
bic acid, calcium elenolate, and extracts of Sanicula europaea
leaves (113, 123, 179, 222, 240, 263, 289, 312, 332, 382, 389–
391). None of these compounds or drugs have yet found clin-
ical applications. Potent inhibitors of HPIV syncytium forma-
tion in tissue culture have been found by screening hundreds of
small synthetic peptides. These peptides, which are to a specific
domain on the F protein, may provide a novel approach to the
development of antiviral therapies for HPIV (114, 206, 281).
Amantadine did not decrease URI disease severity in adult
volunteers challenged with HPIV-1 even though it has some
anti-HPIV activity at very high concentrations (330). Similarly,
ribavirin has both in vitro and in vivo activity against HPIV (32,
326). Furthermore, there have been anecdotal reports of de-
creased HPIV shedding and clinical improvement when in-
fected immunocompromised patients were treated with aero-
solized and oral ribavirin (41, 42, 227, 336). However, a recent
review at Fred Hutchinson Cancer center demonstrated that
established HPIV-3 pneumonias responded poorly to aerosol-
ized ribavirin (267). Currently there are no antiviral drugs with
proven clinical efficacy against HPIV.

There have been several studies demonstrating that non-
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specific immunostimulators can protect against challenge
infections with paramyxoviruses (e.g., dihydroheptaprenol,
N-acetylglucosaminylmuramyl tri- or tetrapeptides, imiqui-
mod, and polyriboinosinic and polyribocytidylic acids) (149,
166, 167, 342). A portion of this protective effect is due to
stimulation of endogenous cytokines. Animals have been pro-
tected by the direct administration of cytokines (107, 167).
Interferon (alpha and gama), human granulocyte colony-stim-
ulating factor, and human IL-1� are a few of the cytokines that
have been tested (400). Numerous studies, as summarized in a
recent meta-analysis, have demonstrated that oral or systemic
steroids are effective at improving symptoms of croup as early
as 6 h after treatment (331).

Protection against RSV and other respiratory pathogens has
been accomplished by giving high-titer pooled immunoglobulin
(56, 325). LRI caused specifically by HPIV may be decreased
(40, 288, 350), but little has been reported concerning the use
of immunotherapy in HPIV disease. Combined immunother-
apy and steroids have been demonstrated to decrease pulmo-
nary virus titer and inflammation in a cotton rat model (291).
Immunotherapy may offer a possible theraputic option in pa-
tients with severe disease until safe and effective vaccines and
antivirals are available.

LABORATORY DIAGNOSIS

Collection and Preparation of Clinical Specimens

The nasopharynx and oropharynx are primary locations of
initial HPIV replication. Virus is shed at high titer early in an
infection and then sharply declines. Experimental infections in
adults have demonstrated that illness usually starts about 3 to
4 days after inoculation and lasts from 3 to 17 days, with an
average of 4 days for HPIV-1 and 6 to 13 day for HPIV-2 and
HPIV-4 (330, 358). Virus recovery in adults is much more
difficult than in children. This is partly due to the several-log-
unit increase in viral titer produced by children compared to
adults. Children shed virus usually from 3 to 4 days prior to the
onset of clinical symptoms until approximately 10 days past
(97). However, HPIV-3 has been isolated in children from as
early as 6 days before to 6 weeks past the first symptom.
Immunocompromised patients and adults (mostly with chronic
lung disease) have persistently shed HPIV-1, HPIV-2, and
HPIV-3 for many months (124, 257). Throat swabs, nasopha-
ryngeal swabs, nasal washes, and nasal aspiration have all been
used successfully to recover HPIV (101, 116, 127, 229, 324).
The optimal method of collecting clinical samples for HPIV
has not been well studied but depends on the method of de-
tection used (e.g., PCR or tissue culture), the age of the pa-
tient, and the general health of the patient (i.e)., immunocom-
promised or with chronic lung disease). The few studies to
yield high rates of viral recovery (HPIV-1 and HPIV-3) used
nasal washes or nasal aspirates (127, 384), these methods are
therefore recommended even in young infants for optimal vi-
rus isolation.

HPIV lose infectivity rapidly when the temperature rises
above 4 to 8°C. Specimens (swabs or 2- to 4-ml nasal wash
aspirates) should be collected and placed in viral transport
medium (2 to 3 ml), either veal infusion broth or minimum
essential medium supplemented with some protein source (not

serum) such as 0.5% bovine serum albumin. The transport
medium should contain antibiotics and antifungal agents to
decrease contamination and be buffered to yield a pH of 7.5 to
80 after addition of the clinical sample. Ideally, the specimen in
transport medium should be kept at 4°C until tissue culture
inoculation. If a delay of more than 24 h is anticipated, the
specimen should be frozen. Centrifugation at 1,000 � g prior to
inoculation is also helpful in removing debris.

It is rare to have to process nonrespiratory specimens for
HPIV. CSF can be directly plated onto tissue culture cells. If it
is going to be frozen, transport medium should be added 1:1
prior to freezing. Transport medium with extra antibiotics can
be used to dilute stool specimens or for rectal swabs. Standard
transport medium can be used to dilute tissue homogenized in
a dounce prior to testing.

Serum Samples

The first serum sample (acute phase) should be collected as
soon into the person’s viral illness as possible. The second
serum sample (convalescent phase) should be drawn when the
peak antibody production occurs. For neutralizing antibody,
this occurs between 3 and 5 weeks after infection. Both sam-
ples should have the serum removed as quickly as possible and
then be stored at either �70 or �20°C in a non-frost-free
freezer. Both the acute- and convalescent-phase samples
should be tested at the same time.

Virus Isolation

Tissue culture. HPIV has the best growth in primary mon-
key kidney cells. In a telephone survey of clinical virology
laboratories, the most popular cell line for growing HPIV was
rhesus MK cells. However, this cell line is not always the most
sensitive for HPIV, especially for HPIV-2 (96). Cynomolgus
and African green monkey cell lines are also used. An easy-
to-use secondary cell line (LLC-MK2) is excellent for contin-
ued passage and almost as gook as PMK cells for primary
isolation. LLC-MK2 cells need trypsin (2 to 3 �g/ml) added to
the maintenance medium to recover all HPIV serotypes. Tryp-
sin may be helpful even for PMK cell lines. Both PMK and
LLC-MK2 cells may both be required for optimal isolation
of HPIV. Most strains of HPIV-4 and even some strains of
HPIV-2 and HPIV-3 are detected 10 days or longer after
inoculation. PMK cells may start to degenerate between 10 and
14 days, especially if trypsin is in the medium. One method to
maximize HPIV recovery is to infect both LLC-MK2 and PMK
cell lines and perform initial detection methods (e.g., F and
HAd) on the PMK cells. After 10 days, if these tests are
negative and further testing of the PMK cells is not possible,
the LLC-MK2 cells are in reserve for testing at 2 and 3 weeks.

Isolation in animals. Eggs are a very poor growth medium
for HPIV. It is only after many repeated passages and much
presumed antigenic change that HPIV can be detected in em-
bryonated eggs. Only three isolates of HPIV-2 have ever been
reported to have undergone primary isolation in eggs (369).

Detection and typing. CPE is rarely demonstrated during
primary isolation of HPIV in tissue culture, and so this is not
a reliable or useful method to detect positive cultures. HAd of
guinea pig red blood cells directly onto the tissue culture
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monolayer is the most common method to detect the presence
of HPIVs. The respiroviruses are quickly and easily detected
using HAd. Most HPIV-1 isolates are detected by day 4 (138),
and HPIV-3 takes only a little longer (36, 37, 145). However,
the rubulaviruses are much slower. Only 35% of HPIV-2 iso-
lates are HAd positive by day 7 (138), and HPIV-4 may take 3
weeks or longer (36). Interestingly, the neuramindase of
HPIV-4 appears to be temperature sensitive because this virus
hemadsorbs better at room temperature or 37°C while all of
the other serotypes react well at 4°C (37, 110).

IF is the most rapid and accurate method currently available
to detect and type HPIV in tissue culture (109, 344, 372).
HPIV isolates are detected much faster using this technique
than using to HAd, and IF detects positive cultures that never
develop HAd. This is especially true for HPIV-2 (138). In
addition, further typing of HPIV is unnecessary when IF de-
tection is used. This can save time and money. Tissue culture
isolation of HPIV is being done less and less. However, high-
risk populations may continue to have a need for this method.
A typical testing plan (all year round) would be as follows. IF
detection is performed on all inoculated PMK tissue culture
cells on days 2 or 3, 4 or 5, and 10 and on MK2 cells on days
14 and 21. A MAb pool reagent could be used such that only
a single test had to be done per culture (344). Also, the addi-
tion of centrifugation (e.g., shell vial) to the above IF schedule
may speed HPIV detection by 1 day or more (296). If desired,
HAd could be performed first and then IF could be performed
only on those that were positive. It is important to remember
that primary screening with HAd will miss some HPIV. Other
useful methods of detecting and typing HPIV in tissue culture
include HAdI, HI, complement fixation, and neutralization
(36, 45, 136). These methods are currently more useful for
research purposes since they are time-consuming and costly
compared to IF (except HI). On primary isolation, most strains
of HPIV do not release enough free virus into the medium to
react in the HI assay, limiting the usefulness of this relatively
easy assay in clinical virology. Until commercial MAb IF re-
agents became widely available, HAdI was the method of
choice for HPIV serotype identification. This meant that each
identification took an additional 3 to 5 days after the culture
was identified as positive (37). Although tissue culture is the
current “gold standard,” the new molecular assays like PCR
are rapidly replacing this time-honored method in clinical vi-
rology.

Serologic Diagnosis

There are many methods to detect antibodies to HPIV,
including ELISA, radioimmunoassays, HI, complement fixa-
tion, western blotting, and neutralization assays. The develop-
ment of heterologous antibody to closely related HPIV sero-
groups during any HPIV infection is a persistent problem in
trying to make a serological diagnosis of acute HPIV (44, 45).
This problem is greatest when trying to separate HPIV-1 in-
fection from HPIV-3 infection, but mumps virus antibody also
cross-reacts with these two viruses (99, 178, 212, 371). A large
number of children’s sera that test positive by ELISA and HI
to HPIV-3 will have similar titers to HPIV-1 (K. J. Henrickson,
unpublished data). Although the least sensitive of the serologic
assays, complement fixation has the smallest number of prob-

lems with heterologous cross-reactivity (178). On the other
hand, ELISA is by far the most sensitive assay and detects the
largest number of titer rises in patients with respiratory illness
but is the least specific and detects many dual HPIV antibody
titers. HPIV-2 demonstrates the least amount of serologic
cross-reactivity (178, 371).

A fourfold rise or drop in titer is generally thought to signify
acute infection if the testing is performed at the same time on
paired acute- and convalescent-phase serum samples. A posi-
tive serologic rise in titer to any of the HPIV types (even if
without heterologous antibody demonstrated) only indicates
infection with HPIV (47). It should not be used to determine
the HPIV serotype. Only virus isolation and typing with MAbs
(or molecular identification) can accurately establish the spe-
cific serotype.

Direct Examination for Viruses

Electron microscopy can easily demonstrate HPIV (Fig. 1).
However, many paramyxoviruses appear the same (e.g., mumps
virus). No large study looking at the diagnostic utility of elec-
tron microscopy for HPIV infection has been published (72,
175), and less expensive methods of diagnosis have been de-
veloped.

Methods to detect HPIV antigen using ELISA, radioimmu-
noassay, and fluoroimmunoassays have all been developed
(147, 148, 315, 317), but none of these are available commer-
cially in the United States. Investigators using these methods
have reported sensitivities between 75 and 95% (polyclonal
sera), with the MAb-FIA demonstrating slightly higher detec-
tion of HPIV-1 and HPIV-2 (94–100%) (147). Most clinical
virology laboratories will find these methods difficult to per-
form until reagents are widely available.

For more than two decades, HPIV has been detected by IF
(25, 90, 106, 109, 121, 130, 229, 294, 299, 344, 372, 384). Orig-
inally these techniques involved the production of serotype-
specific antisera in various animal species by each individual
laboratory and subsequent conjugation to fluorescein isothio-
cyanate. Now most laboratories use of commercially produced
MAbs (single or pooled). The detection of HPIV by direct IF
staining of clinical material has yielded highly variable and
sometimes disappointing results. The best results have been
demonstrated for HPIV-3, with most studies reporting sensi-
tivities between 50 and 75% (range, 31 to 100%). In studies
that used only commercially available MAbs the sensitivities
range between 31 to 93% of culture-positive specimens. Stud-
ies detecting HPIV-1 showed sensitivities ranging between 0
and 92%, and those detecting HPIV-2 showed sensitivity rang-
ing between 50 and 100%, with most sensitivities falling be-
tween 50 and 83%. Differences in specimen type, collection,
processing, reagents (antibody), and testing procedures help
explain the reported variability in sensitivities. However, spec-
ificity appears to be uniformly excellent. The use of IF to detect
HPIV-3 has demonstrated a rate for IF-positive/culture-nega-
tive specimens as high as 16%. It is not known whether these
are all false positives or positive specimens without viable vi-
rus. Results presented by Leland using MAbs for direct detec-
tion of HPIV demonstrated a sensitivity of 80% (HPIV-1),
83% (HPIV-2), and 72% (HPIV-3) compared to tissue culture.
This same HPIV antigen detection using IF was also shown to
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have a 4% false-positive rate (D. S. Leland, Abstr. 13th Annu.
Clin. Virol. Symp., p. 13–15, 1997). New combined (dual flu-
orescence) reagents are available, but their sensitivity and
specificity do not seem to be significantly different. A recent
study using these reagents reported 95% sensitivity for
HPIV-1, HPIV-2, and HPIV-3 compared to tissue culture, but
a significant number of samples (126 samples; 12% of those
that were compared to culture) were deemed inadequate, and
thus the true sensitivity is significantly lower than this. The
false-positive rate was approximately 5% (208).

The shell vial assay is another method for the rapid identi-
fication of HPIV. In this assay, tissue culture is grown on slides
and then centrifugation is used initially to speed viral absorp-
tion and cell infection. Detected is performed by standard IF of
the tissue culture cells, typically at 48 h and 5 days. Although
variable results have been reported, the majority of data ap-
pear to demonstrate improved detection using this method
(164). Influenza virus and RSV are the two viruses most widely
studied by this method. Detection of HPIV has been compared
using shell vials and standard tissue culture, with sensitivities
averaging 84%, but most of the viruses tested were HPIV-3
(276, 296; C. C. Maurer, Abstr. 9th Annu. Clin. Virol. Symp.,
abstr. M11, 1993).

A new shell vial technique using a mixture of two cell lines,
mink lung cells, and A549 cells (R-mix; Diagnostic Hybrids,
Athens, Ohio) has been compared to standard tissue culture
and rapid antigen tests for detecting community-acquired re-
spiratory viruses but including very few HPIV-positive samples
(13; S. Castriciano et al., Abstr. T-17, 18th Annu. Clin. Virol.

Symp., abstr. 2002; R. Chua et al., Abstr. 18th Annu. Clin.
Virol. Symp. abstr. T-18, 2002; M. Kampert et al., Abstr. 18th
Annu. Clin. Virol. Symp., abstr. T-20, 2002; J. Langer et al.,
Abstr. 18th Annu. Clin. Virol. Symp., abstr. T-21, 2002; R. J.
Mitchell et. al., Abstr. 18th Annu. Clin. Virol. Symp., abstr.
T-22, 2002; Ostermann et al., Abstr. 18th Annu. Clin. Virol.
Symp. abstr. T-23, 2002; J. Dunn et al., Abstr. 18th Annu. Clin.
Virol. Symp., abstr. T-24, 2002). Little has been published, but
data from the abstracts demonstrated mixed results when the
R-Mix cells were stained at 2 or 5 days. Some investigators
have shown decreased sensitivity compared to direct IF or
tissue culture. The largest study demonstrated a sensitivity for
HPIV of 77% (23 of 30 samples) compared to standard tissue
culture (J. Dunn et al., Abstr. 18th Annu. Clin. Virol. Symp.,
Abstr. T-24, 2002).

Standard IF detection is done visually using a fluorescent
microscope with appropriate mirrors and filters for fluorescein
isothiocyanate. Fluorescence can also be detected using flow
cytometry analysis. This automated process analyzes the fluo-
rescent antibody binding to cell surfaces and reports this bind-
ing quantitatively. The minimum number of cells needed
(2,000 cells), the lengths of time, and the cost make this tech-
nique more useful in a research setting.

Genomic Detection

HPIV RNA can be detected directly by performing a North-
ern hybridization or a dot blot analysis using virus specific
DNA probes. This takes many hours to complete, yields less

FIG. 2. HPIV-1, HPIV-2, and HPIV-3 detected by multiplex RT-PCR-EHA (Hexaplex; Prodesse, Inc.) at Children’s Hospital of Wisconsin
during 2000 to 2002.
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uniform results, and, even with sensitive detection methods,
appears to be most useful as a research tool. The amount of
HPIV RNA in many clinical samples is not great enough to
allow detection without either biological (tissue culture) or
molecular amplification. After conversion of RNA into DNA,
PCR can be used easily and efficiently to detect small numbers
of virus in different fluids. Several studies demonstrating PCR
to be sensitive and specific in detecting HPIV have been pub-
lished (82, 85, 89, 102, 181). A multiplex RT-PCR assay for
detecting HPIV-1, HPIV-2, and HPIV-3 was developed in
1995 (89). Currently, there is one commercial multiplex PCR
assay available for detecting HPIV-1, HPIV-2, and HPIV-3,
along with RSV A, RSV B, influenza A virus, and influenza B
virus. This RT-PCR-EHA (Hexaplex; Prodesse, Waukesha,
Wis.) has a reported sensitivity of 95 to 100% and a specificity
of 97 to 100% compared to tissue culture and yields results in
about 7 h (Fig. 2) (14, 33, 88, 142, 150, 189, 217, 395, 397).
Real-time PCR methods have been developed for HPIV-1,
HPIV-2, and HPIV-3 (Henrickson, unpublished), and reagents
for multiplex real-time PCR are available commercially. Re-
cently, protocols for the duplex detection of HPIV-1 and
HPIV-3 have been developed for isothermic amplification us-
ing nucleic acid sequence-based amplification (J. D. Fox, S.
Hibbitts, A. Rahman, R. John, and D. Westmoreland, Abstr.
18th Annu. Clin. Virol. Symp., abstr. T26, 2002). However, to
use these protocols, HPIV primers and probes have to be
designed by each laboratory, and royalties may have to be paid
to the patent holders (Prodesse).
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